Magnetic skyrmions are stable nanosized spin structures that can be displaced at low electrical current densities. Because of these properties, they have been proposed as building blocks of future electronic devices with unprecedentedly high information density and low energy consumption. The electrical detection of skyrmions via the Topological Hall Effect (THE), has so far been demonstrated only at cryogenic temperatures. Here, we report the observation of a skyrmion Topological Hall Effect near room temperature (276 K) in a mesoscopic lamella of FeGe. This region unambiguously coincides with the skyrmion lattice location revealed by neutron scattering.
Magnetic skyrmions are nanometre size quasiparticles with a whirling spin configuration, which hold great potential as information carriers for electronic devices [1] [2] [3] [4] [5] . Magnetic skyrmions were first studied theoretically [6] [7] [8] , and have recently been evidenced experimentally in B20 chiral materials [9, 10] and in multilayer ferromagnetic thin films [11] . Most skyrmionic materials have in common [1, 2] the presence of an antisymmetric exchange interaction, known as Dzyaloshinskii-Moriya (DM) interaction [12, 13] , favoring spin canting in materials that would otherwise be ferromagnetic with parallel aligned spins. The DM interaction occurs in materials with spin-orbit coupling and a structure lacking inversion symmetry.
In B20 magnets such as MnSi [9] and FeGe [10] , this emerges from a heavy magnetic element in a non-centrosymmetric crystalline structure. In multilayer ferromagnetic thin films, the DM interaction is engineered by combining ultrathin layers of heavy metal and ferromagnetic materials, in which the heavy metal provides the large spin-orbit coupling while the interface between layers breaks the inversion symmetry [3] . For a large enough DM interaction, such as that found in B20 magnets, the ground state of the material is helical. In this state, the spins form helices with a pitch of a few tens of nanometers typically. This pitch scales as J/D, where D is the DM interaction constant and J is the exchange energy [1] . This pitch is referred to as the helical wavelength and it sets the skyrmion size in bulk materials.
The topologically non-trivial whirling configuration of skyrmions spin texture can be characterized by the topological charge that is ±1 for an individual skyrmion, and null for topologically trivial structures such as magnetic bubbles. The topologically non-trivial structure of magnetic skyrmions makes them relatively stable because they cannot be continuously deformed to another magnetic state [1, 14] .
A key advantage of magnetic skyrmions as stable nano-objects is that they can be displaced using relatively low electrical currents [3, 15, 16] . This low critical current stems from the relative insensitivity of skyrmions to disorder due to the strong Magnus force contribution to the skyrmion dynamics that allows skyrmions to bypass defects [1, 4, 5, 17] . Such current manipulation enables not only data storage but also logic devices using magnetic "racetrack" type circuits [2, 3] . Skyrmions nanometer size (10 nm = 6 Tbit/in 2 ), stability and low critical current (10 6 A/m 2 ) could thus yield non-volatile electronic devices with unprecedentedly high information density and low energy consumption.
One of the key issues for future "skyrmionic" devices is to develop a method for detecting skyrmions through electrical means. Electrical manipulation of skyrmions was demonstrated by visualization techniques at room temperature a few years ago [18] [19] [20] [21] [22] [23] . Yet it is only very recently, probably because of the sensitive measurements required, that electrical detection of skyrmions was demonstrated for isolated metastable skyrmions generated by interfacial DM interaction in multilayer thin films [24] using the Anomalous Hall Effect (AHE). This detection relied on the large change of magnetization, and the concomitant large change in anomalous Hall Effect, introduced by a skyrmion in a ferromagnetic background. This effect is however not readily applicable to bulk skyrmion compounds, so-called B20 chiral magnets, because the skyrmion lattice does not introduce a significant step-change in magnetization over the background. Indeed, because of the larger DM interaction in B20 compounds, the background that surrounds the thermodynamically stable skyrmion lattice phase is a conical phase with a winding spins configuration, rather than a ferromagnetic phase.
Thus, a more practical way of detecting skyrmions in bulk compounds is to use skyrmions Topological Hall Effect (THE). This effect originates from electrons accumulating a Berry phase as they travel through skyrmions spin configuration, which acts as an effective magnetic field (B e f f ). To first order, the skyrmion THE amplitude is proportional to B e f f , which itself is inversely proportional to a skyrmion cross-section area. The skyrmion THE is usually a few nΩ.cm, and it arises in addition to the ordinary (OHE) and anomalous Hall Effect (AHE) in the transverse resistivity of skyrmionic compounds. The skyrmion THE has so far only been detected and unambiguously correlated with skyrmions imaging in the MnSi family of compounds at cryogenic temperatures [16, [25] [26] [27] .
Recently, two bulk materials have been unambiguously shown by Lorentz Transmission Electron Microscopy (LTEM) and Small Angle Neutron Scattering (SANS) to have a skyrmions lattice near or at room temperature: Co-Zn-Mn alloys [28, 29] , and cubic FeGe [10, [30] [31] [32] [33] . In FeGe, magnetization [34] , specific heat measurements [35] , and microwave absorption spectroscopy [36] also identified several magnetic phases compatible with skyrmions. But bulk skyrmions THE near room temperature had so far not been observed. A few transport studies in FeGe thin films [37] [38] [39] did report very large Hall signature at cryogenic temperatures. However, skyrmions have not been confirmed by imaging techniques in thin films of FeGe [40] . All LTEM measurements were performed on lamellae extracted from bulk FeGe single crystals [10, 30, 31] . Thus, it is therefore still debated whether the unusually large Hall signal, orders of magnitude larger than in bulk MnSi, observed in thin films at cryogenic temperature comes from a skyrmionic THE or has another origin [41, 42] .
Here, we demonstrate the first electrical detection of skyrmions near room temperature in a bulk crystal: using high sensitivity Hall Effect measurements in FeGe, we observe a skyrmion THE of amplitude +5 nΩ.cm at 276 K (3°C). This THE unambiguously coincides with the skyrmion lattice phase identified by small angle neutron scattering [33] , and its amplitude is as large as the THE observed in MnSi at 29 K. Adjacent to the skyrmion phase, we also observe the signature of a magnetic phase that is not present in the prototypical skyrmion compound MnSi, and merges into the inhomogeneous chiral spin state [43] . Finally, comparing THE in MnSi and FeGe we emphasize the failings of the formula that is generally used to estimate the skyrmion THE. We prepared a 0.75 µm thick lamella of FeGe from a single crystal using a Focused Ion Beam microscope (FIB). Fig. 1 .a shows the lamella before lift-out from the single crystal, and Fig. 1 .b shows the lamella with Pt electrodes deposited by FIB. We then measured the electrical transport properties of this lamella which shows transport properties consistent with bulk crystals (see SI). Fig. 2 .a. shows the temperature dependence of the longitudinal resistivity ρ xx in zero magnetic field. The overall dependence and absolute value of ρ xx is in agreement with the literature [38] . The residual resistivity ratio is 8.5, higher than the value of 4 -5 typically found in thin films [37, 38] but below the values of 13 to 25 found in large single crystals [44, 45] . The magnetic transition from the paramagnetic phase to the helical phase appears as a subtle but clear kink around 279 K in the zero-field ρ xx data (inset of Fig. 2 .a).
In Fig. 2 .b., we show the temperature dependence of the Hall Effect ρ yx of the lamella (using the same sign convention as in Ref. [37, 38, 46] , that ρ yx is positive for electrons dominated transport).
Electrical conduction appears to be predominantly hole type as ρ yx is negative around T N (270-290 K).
The onset of the increase in ρ yx with increasing temperature, marks the transition from the conical to the paramagnetic phase indicated by black circles in Fig.2 . All ρ yx (T) curves are constant in the conical phase in the temperature range we measured. For each magnetic field value, we define a transition temperature as 5% of the increase in ρ yx (T) between the flat baseline at 270 K and the value at 290 K. The magnetic field dependence of this transition temperature is in good agreement with previous magnetization studies in a bulk sample [34, 43] .
The Hall Effect in skyrmionic compounds typically consists of three terms
The first term is the Ordinary Hall Effect ρ OHE = R 0 µ 0 H proportional to the applied magnetic field, the second term is the Anomalous Hall Effect ρ AHE = R s M proportional to the magnetization M of the sample and the third term is the THE induced by the spin texture of skyrmions. Here, we find that ρ yx (H) curves are linear in the conical phase, as expected. Indeed the Ordinary Hall Effect and the Anomalous Hall Effect are both linear in H, as the magnetization is proportional to H in this phase [34] .
So, to better see variations from the conical state, we subtracted the total linear contribution from ρ yx (H) curves in the same manner as Ref. [46] . shaded regions emphasize the local minimum which appears to emerge from the zero field magnetic transition (cf. Fig. 4 ). The origin of this minimum is still unidentified but might be a reentrant ICS state. The red shaded regions emphasize the local maximum which coincides with the skyrmions lattice phase identified by SANS [33] in bulk crystals (cf. Fig. 4 ). We attribute this maximum to the THE of skyrmions. (b) Deviation ∆ρ yx as a function of temperature for several applied magnetic fields. Curves were shifted up for clarity. The same features are observed.
Signatures in the Hall Effect
In Fig. 3 .a, the ∆ρ yx (H) curves below 274.4 K show several features. A change in slope at ≈ 15 mT separates the helical and conical phases, at low and high field respectively. ∆ρ yx (H) curves are flat in the conical phase, consistent with the definition of ∆ρ yx . The upturn at higher fields (shown at 277.25 K)
corresponds to the field polarized state. The helical-to-conical signature disappears above ≈ 277 K, in agreement with magnetization studies [34, 43] . In addition to the helical, conical and field polarized states, we observe a local maximum and minimum that appear simultaneously inside the conical phase.
The maximum and minimum have maximum amplitude at 276 K of ≈ +5 nΩ.cm and ≈ −3 nΩ.cm, respectively.
In Fig. 3 .b, from 270 to ≈ 274.5 − 277 K, ∆ρ yx (T) is constant in temperature. This corresponds to the helical or conical states, at low or high magnetic fields respectively. Above ≈ 278 K there is a large upturn corresponding to the transition to the paramagnetic or field polarized states. Around 276 K, we also observe a local maximum and minimum. The minimum is present from 5 to 65 mT, whereas the maximum is present in a narrower field range from 55 to 70 mT. The maximum and minimum observed in ∆ρ yx (H) and ∆ρ yx (T) are consistent in both locations and amplitudes, and have never been reported before. To gain further insights on their origin we combined ∆ρ yx (H) and ∆ρ yx (T) data sets in Fig. 4 to produce a color map (color maps made from either data sets are shown in the SI).
Skyrmion Topological Hall Effect Fig. 4 shows that the local maximum occurs in a region of field and temperature, with a shape and location reminiscent of the skyrmion phase in MnSi. After accounting for demagnetizing effects (right axis of the H-T diagram) following the process of Ref. [47] (see SI), this region corresponds quantitatively in field and temperature to the region where a skyrmion lattice has been observed in bulk crystals of FeGe by SANS [33] . We therefore conclude that this local maximum is the Topological Hall Effect induced by skyrmions magnetic texture. We note that this is the first report of a skyrmion Topological Hall Effect near room temperature.
The maximum amplitude of this THE is ≈ +5 nΩ.cm at 276 K, a value very similar to that of MnSi [46] at 29 K. This is contrary to what is expected from the small B e f f of FeGe produced by its larger skyrmions. However, B e f f is not the only factor determining the THE amplitude. The exact amplitude of the THE depends on the details of the band structure, but the THE is usually approximated as [46, 48, 49] :
where P is the local spin-polarization of the conduction electrons in the skyrmion state, B e f f is the effective magnetic field and R 0 is the ordinary Hall Effect constant. Here, we find (see methods) that 
r e e n t r a n t I C S 
We note that P is similar in both compounds, B e f f is 18 times smaller in FeGe than in MnSi, and R 0 is 6 times larger in FeGe than in MnSi. Overall, the THE amplitude estimated via Eqn. 2 is thus only three times smaller in FeGe than in MnSi.
Both THE values clearly overestimate the experimental values of the THE (≈ +5 nΩ.cm in both
MnSi and FeGe). This overestimation has been known for some time in MnSi and attributed to the factor R 0 [48] . Recently, it was pointed out that this estimate is only an upper bound of skyrmions THE [24] . We also point out that the sign of the THE calculated using Eqn. 2 appears to be opposite to what is measured in MnSi [46] . Recent theoretical efforts [50] show that a range of sign and amplitude is to be expected for the THE depending on coupling strength and electronic scattering rates. Looking beyond this ongoing debate, we note that at least the THE estimates for MnSi and FeGe are of the same order of magnitude in absolute value: 140 nΩ.cm for MnSi and 45 nΩ.cm for FeGe. Thus, this could explain why the experimental values of the THE are so similar in both compounds.
We also emphasize that the larger R 0 of FeGe appears to compensate the smaller B e f f . This means that the charge carrier density, and more generally the band structure, is a tool as important as skyrmions effective magnetic field in achieving measurable THE. For instance, in Pt/Co/Ir multilayer thin films, the skyrmion THE was estimated to be immeasurably small: ∆ρ T H E yx = 0.0017 nΩ.cm as R 0 = 2.10 −11 Ω.m.T −1 [24] . This value is more than 300 times smaller than the value |R 0 | = 7.3.10 −9 Ω.m.T −1
in FeGe, which suggest that FeGe is a compound of choice for the study of the THE near room temperature.
Signature of a Reentrant Helicoid Magnetic Phase
The local minimum observed in ∆ρ yx in Fig. 4 , is new to all compounds with clear signatures of vortex-like cylindrical skyrmions. A positive THE has been observed in MnSi [46] , and a negative THE was found in compounds such as Mn 1−x Fe x Si [26] , but a positive and negative THE have never been observed consecutively, up to our knowledge.
Polycrystalline MnGe does show adjacent maximum and minimum in ρ yx [51] , but the amplitude of this effect is 50 times larger (≈ 200 nΩ.cm) and spans over 10 Tesla and 100 Kelvin. Thus, this is very different from the phenomenon we observe in FeGe. In addition, the accepted interpretation of the behavior of MnGe does not involve cylindrical skyrmions but a spin structure periodic in all three dimensions undergoing a topological phase transition through the pair annihilation of hedgehogs and anti-hedgehogs topological spin singularities [51] .
In the ∆ρ yx (H) curves of Fig. 3 .a and the H-T diagram of Fig. 4 , the local minimum tracks and ends with the lowest temperature of the skyrmions phase. But at higher temperatures it continues into the inhomogeneous chiral spin state [43] (ICS). Thus, the local minimum delimits a region which appears to compete with the skyrmion lattice phase but shares the signature of the helical and ICS states. Theoretical calculations [34] show that the hierarchy of close energy scales yields several possible magnetic phases in the vicinity of T N , including: +π skyrmions, -π skyrmions, half-skyrmions squares lattice and reentrant helicoid. The position of the local minimum in the phase diagram, bordering the skyrmion lattice phase, and its sign opposite to the THE of the skyrmion lattice, suggest +π skyrmions with a positive effective magnetic field and negative THE; however, SANS does not show an other ordered skyrmion region [33] . Thus, this suggests that the local minimum corresponds to a reentrant ICS or helicoid state. Such reentrant phase has never been observed before in skyrmion lattice systems, up to our knowledge. It also underscores the fact that, although magnetic and transport measurements show features [34, 43] at similar locations, the latter indicate a very different origin for the reentrant phase.
High Current Density Measurements of Hall Signatures
Hall Effect measurements in single crystals of MnSi [16] show a decrease in THE after skyrmions start to move at a critical current densities of J c ≈ 0.5 MA/m 2 . Above this threshold, the amplitude of the THE is reduced from +5 nΩ.cm to +2 nΩ.cm as a result of the emerging electric field induced by moving skyrmions [16] . The J c value is sample dependent as measurements on MnSi nanowires showed J c ∼ 22 − 72 MA/m 2 [27] , and experiments using ultrasound to detect skyrmion movement found lower values J c ∼ 50 kA/m 2 in MnSi single crystals [52] . In FeGe, the critical current density has only been measured by direct observation of skyrmion motion using TEM on a 100 nm thin lamella with J c ∼ 50 kA/m 2 at T = 270 K. [30] In Being in the flow regime implies that the THE of +5 nΩ.cm at 13 MA/m 2 should increase at lower current densities. Therefore, FeGe would have a larger THE than that of MnSi in the skyrmion flow regime (≈ +2 nΩ.cm).
CONCLUSIONS
We report the first unambiguous observation of a skyrmion lattice Topological Hall Effect near room temperature in bulk FeGe, using high resolution Hall Effect measurements in a mesoscopic FIB lamella extracted from a single crystal. The THE is present in a region of field and temperature close to T N , where a skyrmion lattice has been observed in bulk samples using SANS [33] . The amplitude of the THE is of the same magnitude as that of MnSi, and could be even larger at lower current densities. We argue that the large THE indicates that the smaller effective magnetic field produced by the bigger FeGe skyrmions is compensated by a larger ordinary Hall constant. We also report the signature of a reentrant magnetic phase adjacent to the skyrmion phase and connected to the helicoid or inhomogeneous chiral spin state, which confirms that the phase diagram in FeGe is more complex than that of a archetypal skyrmion compound like MnSi. Finally, FeGe THE magnitude is very similar to that of MnSi, but it is detected in conditions that are more suitable for applications, near room temperature (276 K) and at lower magnetic fields (∼ 70 mT).
METHODS Crystal Growth
Cubic FeGe is a chiral stoichiometric binary B20 compound, crystallizing in the non-centrosymmetric P2 1 3 cubic space group, isostructural to MnSi. Small single crystals (≈ 100 µm wide) were grown by chemical vapor transport as described in Ref. [53] .
Nanofabrication A lamella 0.75 µm thick, 10 µm wide and 25 µm long, was carved out of a pyramidal single crystal, using a FEI Helios 600 FIB/SEM. This lamella is shown in Figure. We measured the longitudinal resistivity ρ xx and the transverse or Hall resistivity ρ yx in a Quantum Design PPMS with a 9 T vertical magnet, using a standard 4-wire procedure with a Linear-Research LR-700 AC resistance bridge functioning at a fixed frequency of 15.9 Hz. We used the same sign convention as in Ref. [37, 38, 46] , that ρ yx is positive for electrons dominated transport. This combination of sample and setup achieved a noise level of ≈ 0.8 nV/ √ Hz, which is close to the resolution limit of the instrument (≈ 0.6 nV/ √ Hz) and the intrinsic
Johnson-Nyquist noise of the resistive platinum contacts (≈ 0.7 nV/ √ Hz). Considering measurement duration and current density (> 1 MA/m 2 ), this translates into a noise level of typically less than 0.5 nΩ.cm for the Hall resistivity ρ yx , and 15 nΩ.cm for ρ xx , on a sample that is only 0.75 × 10 × 25 µm 3 in size.
The temperature dependence curves, ρ yx (T), were measured by ramping up the temperature from 270 to 290 K for several applied magnetic fields, following a zero field cooled (ZFC) procedure. We used the standard magnetic field anti-symmetrization procedure to remove the experimental offset. The offset measured is equivalent to a misalignment of the contacts of ≈ 3 µm. ρ yx (H) curves were measured by cooling in zero field to the target temperature, raising the magnetic field, and then measuring ρ yx while stepping down the field to the opposite value. The field anti-symmetrization procedure was again used to remove the experimental offset. A complete hysteresis cycle was also measured at 276 K (see SI); compared to the ρ yx (H) curves, the only change in the initial ZFC ramp is an increase (from 15 to 30 mT) in the upper bound of the helical phase. An extension of the helical phase in magnetic field, has been observed in ZFC magnetization measurements in Fe and Co doped
MnSi [54] .
Factors in the THE estimate
The polarization factor is P = m s /µ sat , where m s is the ordered magnetic moment (spontaneous magnetization) in the skyrmion phase inferred from a linear extrapolation of the high-field data to H = 0 in an Arrott plot, and µ sat is the saturated moment deduced from the Curie-Weiss law in the paramagnetic state above T N [25] . Ref. [38] indicates that µ sat = 2.8 ± 0.1 µ B /Fe while Ref. [43] finds that m s ≈ 10 emu/g = 0.23 µ B /Fe at 276 K. We thus estimate the polarization factor in FeGe to be P ≈ 0.23/2.8 = 0.082, very similar to the value 0.09 in MnSi [46, 48] .
The effective magnetic field B e f f induced by skyrmions magnetic texture is [46, 48] :
As the helical period of FeGe is λ S = 69.8 nm just below T N [55] , the corresponding effective magnetic field is B e f f = −0.74 T, which is 18 times smaller than B e f f = −13.15 T in MnSi [48] (λ S = 16.5 nm).
Comparing R 0 values just above T N , we find R 0 = +0.11 µΩ.cm/T in MnSi at 35 K[46] and R 0 = −0.73 µΩ.cm/T in our sample of FeGe at 290 K. Our value of R 0 is very close to the value R 0 = −1.09 µΩ.cm/T in thin films of FeGe [38] . R 0 is thus at least 6 times greater in FeGe than in MnSi.
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I. SAMPLE THICKNESS AND BULK BEHAVIOR
Although the lamella sample is thin, several experimental results indicate that it displays bulk behavior. At 750 nm thick, our sample is ≈ 800 times thinner than that of Ref. [1, 2] , but is still more than 10 times thicker than the helical wavelength [3] λ S = 69.8 nm. According to Lorentz TEM [4] , a factor of 10 is in the bulk limit in terms of skyrmions phase extension. Additionally, the conical to field polarized transition line is in good agreement with the transition line measured in a bulk spherical sample in Ref. [1, 2] , after correcting for demagnetizing effects (B int right axis of Fig. 4 of the main text). This transition is defined in Fig. 2 .b of the main text and reported as black circles in Fig. 4 of the main text. The high field dependence is also in excellent agreement with the exponent β = 0.368 for 3D-Heisenberg spins, as measured in a previous scaling study of FeGe [2] . Finally, the extrapolated value T N = 278.2 K, is very close to T N = 278.6 K found in Ref. [2] . As our skyrmion phase extension and the conical to field polarized transition line are both in good quantitative agreement with SANS and magnetization data, we thus observe a H-T phase diagram that is in excellent agreement with that of bulk samples.
II. HT DIAGRAMS
In Fig. 1 and Fig. 2 we show colormaps made, respectively, either from the ρ yx (T ) curves only, or from the ρ yx (H) curves only. We recall the legend for the HT diagrams of Fig. 1 and 2. (Black circles) transition separating the conical and field polarized phases, as defined by the 5% criterion in ρ yx (T ) curves in Fig. 2 .b in the main article. The solid line is a fit to the high field part with critical exponent β = 0.368 for 3D Heisenberg spins, as previously observed [2] . T N extrapolates to 278.2 K, also inline with the literature [2] . resulting curves are shown in Fig. 3 . Compared to the ρ yx (H) curves, the only change in the initial ZFC ramp is an increase (from ≈ 15 to ≈ 30 mT) in the upper bound of the helical phase. An extension of the helical phase in magnetic field, has also been observed in ZFC magnetization measurements in Fe and Co doped MnSi [6] .
IV. DEMAGNETIZING FACTOR
To calculate the demagnetizing factors we follow the procedure detailed in Ref. 7 . The internal field is defined as
where B ext = µ 0 H, N is the demagnetizing factor and M is the magnetization. In the conical state of FeGe, M is linear with H to a good approximation [1, 2] . Stated otherwise, the magnetic susceptibility χ, defined as M = χH, is a constant, hence
But χ is geometry dependent. After determining χ sph from magnetization measurement on a sphere, χ L for the lamella sample can be deduced from Eqn. (6.39) in Ref. 7 :
where N sph and N L are, respectively, the demagnetizing factors of the sphere and the lamella sample.
To determine χ sph , we use the magnetization value M = 0. 
Note that the value 1.80 for χ sph that we deduced here from DC magnetization measurements is also in excellent agreement with the AC susceptibility measurements of Ref.
[1] χ AC = 22 emu/mol for µ 0 H AC = 1 mT, yielding χ sph AC = 1.77 in SI unit. For a spherical FeGe sample such as the ones used in SANS [5] and magnetization measurements [1, 2] , N sph = 1/3 (see for instance Ref. [9] but note that it is in cgs units so that it finds N = 4π × 1/3, which is 1/3 in SI units). Hence for the spherical sample:
For our lamella sample, N is calculated from the dimensions of the sample using the analytical formula in Ref. [10] for a ferromagnetic prism with arbitrary dimensions a, b and c : 
Using the dimensions 10 × 25 × 0.75 µm 3 , we find N L ≈ 0.8762, so that
Hence, for the lamella, an applied magnetic field of 70 mT corresponds to 70 × 0.2023 ≈ 14.1 mT of internal field, which corresponds to 14.1/0.4 ≈ 35.3 mT of applied magnetic field for the spherical
